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Intense physical activity is associated with cognitive
performance in the elderly
BM Brown1,2,3, JJ Peiffer1,4, HR Sohrabi1,2,3, A Mondal1,3, VB Gupta1,3, SR Rainey-Smith1,3, K Taddei1,3, S Burnham5,
KA Ellis6,7,8, C Szoeke9, CL Masters6, D Ames7,8, CC Rowe10, RN Martins1,2,3 and the AIBL research group
Numerous studies have reported positive impacts of physical activity on cognitive function. However, the majority of these
studies have utilised physical activity questionnaires or surveys, thus results may have been influenced by reporting biases.
Through the objective measurement of routine levels of physical activity via actigraphy, we report a significant association
between intensity, but not volume, of physical activity and cognitive functioning. A cohort of 217 participants (aged 60–89 years)
wore an actigraphy unit for 7 consecutive days and underwent comprehensive neuropsychological assessment. The cohort was
stratified into tertiles based on physical activity intensity. Compared with individuals in the lowest tertile of physical activity
intensity, those in the highest tertile scored 9%, 9%, 6% and 21% higher on the digit span, digit symbol, Rey Complex Figure Test
(RCFT) copy and Rey Figure Test 30-min recall test, respectively. Statistically, participants in the highest tertile of physical
activity intensity performed significantly better on the following cognitive tasks: digit symbol, RCFT copy and verbal fluency test
(all Po0.05). The results indicate that intensity rather than quantity of physical activity may be more important in the association
between physical activity and cognitive function.
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Introduction
It has been well documented that aging is accompanied by a
gradual decline in cognitive function and increased risk of
cognitive impairment.1 Numerous studies have reported
that people engaging in regular physical activity have higher
levels of cognitive function and decreased risk of cognitive
decline.2–4 For example, findings from a 6-month intervention
trial demonstrated that physical activity improved cognitive
function over an 18-month follow-up period.2 Furthermore,
previous studies indicate that intensity of exercise is likely to
be a key component contributing to the association between
physical activity and cognition.5,6 Improved performance in
numerous cognitive domains, including speed of processing,
memory and mental flexibility has been observed in partici-
pants who reported greater intensity of physical activity.5
Although these previous findings are encouraging, meth-
odological issues need to be addressed to gain a better insight
into the underlying mechanisms by which increased physical
activity intensity results in improved cognition.7 To obtain
large and statistically robust sample sizes, most prior studies
have utilised self-reported surveys or questionnaires to
quantify activities and activity levels.3–5,8 These measurement
techniques, although acceptable,9 can present limitations in
the types of activities captured (that is, walking, cycling and
so on) and introduce potential biases in terms of recall and
reporting.10 To address this issue, a small number of studies
have quantified physical activity levels using actigraphy;11,12
which is the measurement of physical activity through a
device. Consistent with self-reported data, these studies
indicate a positive relationship between objectively measured
physical activity and cognitive functioning.11,12 Nevertheless,
an association between objective measurement of intensity of
physical activity and cognitive function is yet to be reported.
The objective of the current study was to examine the
association between total physical activity and intensity of
physical activity, measured by actigraphy, and cognitive
functioning in a group of cognitively healthy older individuals.
Materials and methods
Participants. The participants for this study were selected
from the (n¼ 1112) Australian Imaging, Biomarkers and
Lifestyle (AIBL) Study cohort.13 Methods of recruitment,
assessment, inclusion and exclusion criteria for the AIBL
study have been detailed previously.13 Participants were
chosen from the initial cohort based on their willingness to
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participate in the actigraphy sub-study (as indicated on
their consent form). A total of 217 male and female
participants aged 60 years and older were pseudo-randomly
selected from cognitively healthy participants (as determined
by a panel of clinicians) of the AIBL Perth site, Western
Australia. All participants were provided with an information
document describing the risks and benefits of their participa-
tion in this study and written informed consent was
obtained before data collection. Ethical approval for this
study was obtained from the participating institutions’
ethics committees: Edith Cowan University and Hollywood
Private Hospital.
Procedures. On the day of assessment, participants under-
went a series of cognitive assessments (described in detail
below), completed a health/demographics questionnaire, and
provided a venous blood sample for the determination of
Apolipoprotein E (APOE) e4 genotype.14 During this visit,
participants were also fitted with an Actigraph monitor.
Participants returned the equipment after 7 days from which
Actigraph data were downloaded for later analysis.
Actigraphy. Actigraphy was performed using GT1M moni-
tors from Actigraph (Pensacola, FL, USA). Participants wore
the activity monitors for 7 consecutive days, mounted on
adjustable waist bands. The Actigraph monitor collects and
reports physical activity in the form of ‘counts’, which are the
summation of the accelerations measured during each epoch
period. The monitor has the ability to measure changes in
acceleration 30 times each second, thus with the use of a
1-min epoch, 1800 measurements were summed and the
value (‘count’) recorded.
Participants were instructed to wear the monitors at all
times during the 7-day period. The monitors were only
removed for water activities and showering, as per the
manufacturer’s instructions. If individuals found that wearing
the Actigraph unit impeded on their sleeping they were then
instructed to remove the Actigraph while in bed. A standard
‘waking’ window was created, this being from 0600 hours to
2300 hours and only data from this ‘awake’ time were used as
an objective measure of daily activity.
For each participant, the recorded counts were used to
calculate two physical activity scores. The total counts
variable is a summation of counts for each day, averaged
over the 7 days. The peak counts score is a measure of
intensity, and reflects the highest intensity (peak count)
recorded for each day, averaged over the 7-day period. All
data were visually inspected to ensure that erroneous data,
due to hardware faults, were excluded (n¼ 4).
Cognitive assessment. The neuropsychological assess-
ment included measures of general cognition, verbal
memory, spatial memory, attention/executive function, and
verbal fluency as briefly outlined below. The Mini Mental
State Examination was used as an assessment of global
cognitive functioning.15 The digit span task (from the
Wechsler Adult Intelligence Scale, WAIS-III) was adapted
to measure attention and concentration. Digit symbol coding,
another subscale from the WAIS-III, was administered to
measure attention, working memory and speed.16 For the
assessment of verbal memory, we utilised the Logical
Memory-I and II, derived from Wechsler.17 Another measure
of verbal memory was the California Verbal Learning Test
(CVLT-II).18 The CVLT-II measures immediate verbal recall
and delayed verbal recall. The Rey Complex Figure Test
(RCFT)19 was used as a measure of visuospatial functioning,
retrieval and recall abilities. The RCFT measurements used
in this analysis included the copying of the complex figure
followed by retrieval after 30 min. Verbal fluency was
measured with the administration of COWAT (Controlled
Oral Word Association Task) word fluency task.20 The Stroop
Test was used as a timed measure of attention and cognitive
flexibility.21
Statistical analysis. All statistical analyses were performed
using IBM SPSS Statistics 19 for Windows Vista (SPSS) or R
version 2.1.4.2 (ref. 22). A P-value of 0.05 or smaller deter-
mined a significant result for all analyses. All P-values were
adjusted for multiple comparisons using false discovery rate.23
Descriptive data analyses were undertaken to provide
means, s.d. and percentages for the entire cohort as well as
separate analysis for each peak count (physical activity
intensity) tertile. For the evaluation of demographic variables
for each tertile, assumed equal variance t-tests or one-way
analysis of variance were performed for continuous data and
chi-square (w2) for categorical data.
Both continuous actigraphy variables (total counts and peak
counts) underwent square root transformation to achieve
normal distribution. Linear regression analyses were used to
determine the association between the transformed physical
activity variables and cognitive function variables. The
unadjusted linear regression measured the association
between physical activity (independent variable) and cogni-
tive functioning scores (dependent variable). The adjusted
model was the same as the unadjusted, with the inclusion of
age, gender, years of education (YOE), APOE e4 allele
carriage, body mass index (BMI) and self-reported
cardiovascular disease (CVD) as independent variables.
To further investigate the relationship between physical
activity intensity and cognitive function, the peak count
actigraphy variable was used to stratify the group into tertiles
(intensity measured by peak counts; tertile 1 (T1), 1206–2869;
tertile 2 (T2), 2877–3702; tertile 3 (T3), 3705–5789). Using the
Freedson equation, these count ranges were converted
to the more commonly used metabolic equivalent values
(MET); T1¼ 2.4–3.7, T2¼ 3.7–4.4 and T3¼ 4.4–6.0 (ref. 24).
One-way analysis of variance, with Tukey’s post-hoc analysis,
was used to evaluate differences in mean cognitive scores
across the tertiles (Table 3, Figure 1). Adjusted multivariate
linear regression models were run (with age, gender and YOE
entered as covariates) to produce adjusted means for the
cognitive scores of each physical activity intensity tertile
(Table 3, Figure 1).
Results
Participant demographics are highlighted in Table 1. The
cohort had a mean age of 69.5±6.6 years and was comprised
of 54% females and 46% males. In all, 24% of participants
were carriers of the APOE e4 allele, and 52% of the cohort
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received more than 12 years of formal education. The average
BMI was 26.1±3.8 kg m 2, and that of systolic blood
pressure was 129.7±14.7 mm Hg. At baseline assessment,
cardiovascular conditions were reported in 37% of partici-
pants. These diagnoses included hypertension (35%), angina
(5%) and history of myocardial infarction (3%). Participants
with a history of symptomatic stroke were excluded from the
study. Demographic differences across the peak count tertiles
were assessed, and are also presented in Table 1. Those in
T1 were significantly older (F¼ 15.08,Po0.001), had a higher
mean BMI (F¼ 6.32, Po0.01) and were more likely to have
diabetes (w2¼ 6.42, Po0.05) compared with those in T2 and
T3. Tertile 2 had a higher proportion of females than T1 and T3
(w2¼ 15.5, Po0.001). Participants in T3 were more likely to
have received more than 12 YOE compared with T1 and
T2 (w2¼ 7.05, Po0.05).
In the unadjusted linear regression model, higher levels of
actigraphy total counts were associated with better perfor-
mance on the digit symbol task (b¼ 0.20, Po0.01), RCFT
copy (b¼ 0.18, Po0.05), RCFT 30-min delayed recall
(b¼ 0.22, Po0.01) (Table 2). After adjustment for potential
confounding variables, there were no significant associations
between actigraphy total counts and cognitive test scores.
Peak counts were significantly associated with numerous
cognitive function assessment variables (Table 2). Significant
positive associations were observed between peak counts
and digit span (b¼ 0.19, Po0.01), digit symbol coding
(b¼ 0.19, Po0.01), CVLT learning score (b¼ 0.17,
Po0.05), CVLT delayed recall (b¼ 0.14, Po0.05), RCFT
copy (b¼ 0.22, Po0.01), RCFT 30-min delayed recall
(b¼ 0.27, Po0.001) and COWAT verbal fluency (b¼ 0.17,
Po0.05). After adjustment for age, gender, YOE, APOE e4
allele, BMI and CVD, significant positive associations
remained between peak counts and; digit symbol coding
(b¼ 0.19, Po0.05), RCFT copy (b¼ 0.21, Po0.05) and
COWAT verbal fluency (b¼ 0.20, Po0.05).
The cohort was stratified into tertiles based on intensity of
physical activity, measured by actigraphy (results shown
as peak counts; T1, 1206–2869; T2, 2877–3702; T3, 3705–
5789). After splitting the cohort into tertiles, means were
calculated for each of the following cognitive tasks; digit span,
digit symbol coding, CVLT learning, RCFT copy, RCFT
30-min delayed recall and COWAT letter fluency (Table 3).
One-way analysis of variance (with post-hoc Tukey’s analy-
sis) and multivariate linear regression were then run to
evaluate the difference in the raw and adjusted mean
cognitive test scores across peak count tertiles. For the digit
span task, those in T3 performed better than those in T1
(Figure 1a). Similarly, in the digit symbol task, the
mean scores of those in T2 and T3 were significantly higher
than those in T1 (Figure 1b). Participants in T3 performed
better on RCFT copy (Figure 1c) and RCFT 30-min delayed
recall (Figure 1d), compared with those in T1 and T2. To
adjust for potential confounders, a multivariate linear
regression analysis was run and adjusted means were
produced for each of the tertiles for the cognitive tasks
(shown in Figure 1). The trend for cognitive test scores across
the tertiles remained significant after adjustment for age,
gender and YOE in the digit span task and RCFT copy
(Po0.05, Table 3).
Figure 1 Those performing the most intense levels of physical activity (T3), performed better on digit span (a), digit symbol coding (b), RCFT copy (c) and RCFT 30-min
recall (d), when compared with those performing the lowest intensity of physical activity (T1). Raw and adjusted (for age, gender and education) cognitive test score means
(±s.e.) for each actigraphy intensity tertile are displayed. P-values represent differences in raw means from one-way analysis of variance (post-hoc Tukey’s) and multivariate
linear regression for adjusted means. Tertiles: 1, n¼ 72; 2, n¼ 73; 3, n¼ 72. RCFT, Rey Complex Figure Test.
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Table 1 Descriptive statistics for the cohort and gender subgroups
All T1 T2 T3 P-values*
(n¼217) (n¼72) (n¼73) (n¼72)
Age 69.5±6.6 72.5±6.6 68.8±6.6 67.0±5.2 o0.001
Gender, % female 54 (117) 51 (37) 71 (52) 39 (28) o0.001
Cardiovascular diseasea % (n) 37 (79) 47 (34) 33 (24) 29 (21) 0.06
Hypertension % (n) 35 (74) 42 (30) 31 (23) 29 (21) 0.24
Angina % (n) 5 (11) 10 (7) 4 (3) 1 (1) 0.07
Heart attack % (n) 3 (6) 6 (4) 0 (0) 3 (2) 0.13
Diabetes % (n) 6 (12) 11 (8) 3 (2) 3 (2) 0.04
APOEb e4 carrier % (n) 24 (51) 22 (16) 26 (19) 26 (19) 0.81
YOEc % 412 years (n) 52 (112) 49 (35) 43 (31) 64 (46) 0.03
Alcohol consumption (U/week) 6.6±7.0 6.2±5.9 6.5±5.6 7.3±6.5 0.53
Body mass index (kg m2) 26.1±3.8 27.4±4.3 25.5±3.1 25.5±3.6 0.002
Blood pressure (systolic, mm Hg) 129.7±14.7 131.0±16.4 128.8±14.0 128.8±14.1 0.58
Blood pressure (diastolic, mm Hg) 74.7±9.9 73.2±10.3 75.4±9.9 75.6±9.6 0.27
If not otherwise described, data are presented mean±s.d. of the mean.
*P-values determined by independent samples t-test and one-way analysis of variance for continuous variables and chi-square for categorical variables.
aMedical history provided by participant self-report.
bAPOE, Apolipoprotein E (gene).
cYOE, years of education.
Table 2 Unadjusted and adjusteda linear regression models; actigraphy total counts and peak counts and cognitive scores
Actigraphy total counts Actigraphy peak counts
Unadjusted Adjusted Unadjusted Adjusted
Standardised b Standardised b Standardised b Standardised b
MMSEb 0.05 0.04 0.10 0.12
Digit span 0.07 0.02 0.19** 0.16
Digit symbol coding 0.20** 0.18 0.19** 0.19*
Logical memory II 0.01 0.02 0.05 0.04
CVLTc learning score 0.14 0.06 0.17* 0.13
CVLT-II delayed 0.12 0.06 0.14* 0.12
RCFTd copy 0.18* 0.15 0.22** 0.21*
RCFT 30 min delay 0.22** 0.09 0.27*** 0.14
COWATe letter fluency 0.10 0.10 0.17* 0.20*
Stroop—colours 0.10 0.08  0.10  0.10
*Po0.05.
**Po0.01.
***Po0.001 (P-values all adjusted for false discovery rate).
aAdjusted for age, gender, years of education, APOE e4 allele carriage, body mass index and cardiovascular disease.
bMMSE, Mini Mental State Examination.
cCVLT, California Verbal Learning Test, Version 2.
dRCFT, Rey Complex Figure Text.
eCOWAT, Controlled Oral Word Association Task.
Table 3 Raw means (±s.e.) of cognitive test scores across actigraphy intensity (peak count) tertiles. Analysis of variance and multivariate linear regression results
Cognitive Test Actigraphy intensity (peak count) tertiles F-valuea Unstandardised b
coefficient (95% CI)b
T1 T2 T3
Digit span 16.4±3.38 17.5±3.5 17.9±3.68 3.66* 0.656* (0.038, 1.275)
Digit symbol/coding 58.6±12.92 64.0±14.55 63.8±13.0 3.77* 1.743 ( 0.605, 4.091)
RCFTc copy 29.7±0.5 29.7±0.4 31.4±0.3 5.75** 0.574* ( 0.042, 1.190)
RCFT 30 min delay 16.0±0.7 16.3±0.7 19.5±0.6 7.78*** 0.538 ( 0.438, 1.514)
CVLTd learning score 51.1±1.4 53.2±1.3 55.2±1.3 2.26 1.132 ( 0.630, 2.895)




aF value calculated from unadjusted one-way analysis of variance.
bUnstandardised coefficients from multivariate linear model adjusted for age, gender and years of education (95% confidence interval).
cRCFT, Rey Complex Figure Test.
dCVLT, California Verbal Learning Test, version 2.
eCOWAT, Controlled Oral Word Assocation Task.
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The purpose of the present study was to evaluate the
relationship between cognitive functioning and both total
volume and intensity of physical activity, measured by
actigraphy, in a group of 217 older men and women. The main
findings were: 1) physical activity intensity (peak counts), as
measured by actigraphy, was associated with better perfor-
mance on a range of cognitive assessment tasks; this
association remained after adjustment for potential confounders
for three of the cognitive tasks, and 2) total activity (total counts),
measured by actigraphy, was associated with performance on
various cognitive tasks, however this relationship was not
evident after controlling for the effects of confounding variables.
In the current study, we observed significant positive
associations between higher intensity physical activity and
scores on the digit symbol, RCFT copy and COWAT verbal
fluency tests (Table 2), with these associations remaining
after controlling for confounding factors. Our findings are in
agreement with previous research, which has shown intensity
of physical activity can positively influence cognitive abil-
ity.5,6,25 For instance, both Laurin et al.25 and van Gelder
et al.6 reported an increase in the intensity of self-reported
physical activity over a follow-up period (5 and 10 years,
respectively) was associated with slower decline in cognitive
functioning. Additionally, Angevaren et al.5 observed better
performance on cognitive tasks assessing speed, memory,
mental flexibility as well as higher global cognition scores, in
individuals with higher self-reported physical activity intensi-
ties. Together, these findings indicate that intensity of physical
activity has a significant influence on cognitive ability. Ours is
the first study to report an association between actigraphy-
measured intensity of physical activity and cognitive function.
Total activity levels, when unadjusted for confounding
factors, were associated with visuospatial function and
memory, attention, executive function and working memory
(Table 2). However, when adjusted for confounding variables,
such as age, gender, education, APOE e4 allele carriage,
CVD and BMI, these significant associations were no longer
evident. These findings are contradictory to previous research
that reported positive associations between objectively
measured total activity and performance in a wide range of
cognitive domains, such as memory, speed, executive
function, visuospatial function, as well as measures of global
cognitive functioning,11,12 even after controlling for confound-
ing variables. The differences in our results are possibly due to
the demographic qualities of our group. For example,
compared with our cohort (mean age 69 years) the group of
individuals examined by Buchman et al.12 and Barnes et al.11
(82 and 83 years, respectively) were much older. As cognitive
decline is associated with age,1 cognitive differences in a
clinically non-demented cohort would be more apparent in an
older population. Additionally, our cohort was an equal mix of
males and females (54% female) compared with Buchman
et al.12 (77% female), and Barnes et al.11 (100% female),
which may suggest a gender-dependent response to physical
activity, however, this was not apparent in the current study.
Compared with these prior studies, our comparatively smaller
cohort size may also explain the non-significant results
reported in this study.
Although the current study was not mechanistic in nature,
it is important to theorise possible explanations for our findings
to further future research in this field. First, intense physical
activity can enhance cardiovascular health, as indicated by
reductions in blood pressure and cholesterol levels.26 These
changes have previously been associated with better cogni-
tive function and reduced Alzheimer’s disease risk.27,28
Second, high-intensity physical activity can enhance cardio-
vascular function, which can result in increased cerebral
blood flow and perfusion, ultimately enhancing oxygen
transport to the brain.29 Nevertheless, in the current study,
CVD was used as a confounding variable in our analysis, with
no influence on our results. This finding indicates that in this
particular group of individuals, CVD may not wholly explain
the relationship between physical activity intensity and
cognitive functioning.
A large body of relevant experimental animal research has
provided insight into the possible mechanism(s) responsible
for the association between volume of physical activity and
cognition.30,31 For instance, an increase in brain-derived
neurotrophic factor was observed in the hippocampal neurons
of rats exposed to exercise, indicating a neuroprotective effect
of physical activity.32–35 It has also been suggested that
brain-derived neurotrophic factor enhances hippocampal
neurogenesis, the regulation of synaptic plasticity and
neurotransmitter synthesis.36–38 Furthermore, in human sub-
jects, engagement in a year-long physical activity intervention
was associated with increased hippocampal volume (mea-
sured by magnetic resonance imaging).39 It is possible that
these combined neuronal benefits enhance cognitive reserve,
and thus protect against cognitive decline.
Neuro-degeneration, specifically in the pathology of
Alzheimer’s disease, is associated with the presence of
amyloid-b (Ab) plaques within the brain.40 In Alzheimer’s
disease transgenic mice, physical activity reduces Ab levels in
the brain by reducing production of the peptide from its
precursor—the amyloid precursor protein, or by increasing
levels of neprilysin, an enzyme that degrades Ab pep-
tides.41,42 More recently, in human cohorts, brain Ab imaging
using positron emission tomography with [11C] Pittsburgh
compound B, has demonstrated lower amyloid loading in
individuals who do greater amounts of exercise.43,44 It is likely
that a combination of factors, including the discussed
mechanisms together with currently unknown factors, med-
iate the positive effects of physical activity on cognitive
function. Further research is required to determine whether
these changes in biomarkers and neuronal processes are
increased in response to more intense physical activity.
We acknowledge that there are certain limitations to the
current study. The participants in this study were predomi-
nantly highly motivated and cognitively high-functioning
individuals. Nevertheless, in an attempt to counteract the
effects of surveying such a homogenous group, the neuro-
psychological battery contained a large selection of cognitive
tests that should have been sensitive to cognitive differences,
even in this high-performing cohort. Furthermore, this study
was cross-sectional, and therefore the direction of the
reported associations cannot be assumed. Indeed, it may be
possible that better cognitive functioning leads an individual to
partake in more intense physical activity. Further analysis
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using longitudinal data are required to fully understand the
direction of this relationship.
In summary, men and women aged over 60 years, who
performed more intense physical activity, as measured by
actigraphy, performed better on tasks assessing cognitive
function. This association existed independently of age,
gender, education, APOE e4 allele carriage, BMI and CVD.
Additional studies, in both human cohorts and animal models,
are required to establish the optimum intensity of physical
activity to receive maximum benefit to cognitive health.
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